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PEDIATRIC OBESITY: THE COMPLEXITIES OF CURRENT DEFINITIONS  
 
AND MEASUREMENT TOOLS IN CHILDREN AGE 5 TO 19 YEARS 
 
MARISSA HABERLACH 
ABSTRACT 
 In the United States, childhood and adolescent obesity is a problem of growing 
concern. With nearly 17% of children between the ages of two and 19 years classified as 
obese, healthcare providers, clinical scientists, and program managers must collaborate to 
reduce the prevalence of obesity. Obese children are more likely to be obese adults, who 
are at an increased risk to develop type two diabetes and cardiovascular disease, 
compared to non-obese individuals. Children are classified as obese based on body 
composition. CDC, WHO, and IOTF have developed definitions to classify the weight 
status of children; however, these definitions are based on reference populations’ data 
rather than physiological ideal growth and development. Physicians and scientists 
measure body composition with a variety of direct and indirect techniques. Although 
there are advantages and disadvantages to each method, there is no database to compare 
the measurements to determine whether the child has an increased risk for developing a 
disease based on his or her weight status. While the current literature debates the use of 
one definition or measurement tool over another, there is a need for longitudinal studies 
to establish a true definition for obesity and healthy model of child growth and 
development from birth to adulthood. This review summaries the current arguments and 
provides suggestions for further research to increase the understanding of obesity in 
children and adolescents.  
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INTRODUCTION 
 
Scope of the Problem  
Obesity is a world-wide epidemic affecting children and adults. Since 1980, the 
number of obese people in the world has approximately doubled.
1
 Obesity in adults is 
typically defined as excess body fat, resulting in a body mass index (BMI) greater than 30 
kg/m
2
.
1
 This value reflects a ratio between the weight and height squared of the 
individual as a representation of his or her adiposity, the relative amount of body fat. 
However, in children, this ratio is adjusted for gender and age. The obese classification is 
associated with an increased risk for diabetes mellitus type two (T2DM), cardiovascular 
disease (CVD) risk factors, asthma, chronic inflammation, and psychological problems.
2
 
The rise in high sugar diets, sedentary lifestyles, and availability of processed foods are 
contributing factors to the obesity crisis. In adolescence, peer pressure, the quality of 
school-provided meals, the level of health education, and the amount of physical activity 
additionally influence the risk for obesity. The presence of unhealthy lifestyle choices in 
childhood has lasting impacts into adulthood.
3
 Many studies have demonstrated that 
obese children are likely to become obese adults with a positive correlation between 
increased BMI in childhood and prevalence of obesity in adulthood.
2
 Thus, health 
education and treatment programs need to be systematically implemented in schools and 
communities to promote lifelong healthy behaviors and reduce the prevalence of obesity 
in children.  
 2 
 
According to the National Health and Nutrition Examination Survey 2009-2010, 
nearly 17% of children aged two to 19 years were obese.
4
 The prevalence of obesity by 
age-group and gender are shown in Figure 1.
4
 The prevalence of obesity was greater in 
boys than girls for each age group.
4
 Additionally, obesity was more common in boys and 
girls over the age of five year than under the age of five.
4
  
 
Figure 1. Prevalence of childhood and adolescent obesity in the United States, 
CDC/NCHS, 2009-2010. Obesity was defined as children whose BMI was plotted at or 
above the 95
th
 percentile for age- and sex-specific growth according to the 2000 CDC 
growth charts. The prevalence of childhood and adolescent obesity in the United States 
generally increased with age and is more common in boys than girls for each age-group. 
Reproduced from Figure 2.
4
  
However, many studies within the literature present higher frequencies of overweight and 
obesity within their sample populations. This may be attributed to the source of their 
subjects, such as a pediatric clinic or focus on a single racial group or income level.
5,6
 
Children who are visiting a clinic for CVD risk factors or children who are Black or 
 3 
 
Latino may be disproportionately fatter than their White peers.
7
 These factors must be 
considered when comparing data from different studies for analysis.  
Hypertension, elevated insulin levels, elevated free triglycerides, and high 
cholesterol levels are risk factors for cardiovascular disease that have been identified in 
normal weight,  overweight, and obese children.
5
 The presence of any three of these 
symptoms, including excessive body fat, results in a diagnosis of metabolic syndrome. 
Based on an analysis of the USDA’s Continuing Survey of Food Intakes by Individuals 
(CSFII), “Blacks and Hispanics are more likely to become overweight or at risk of being 
overweight than non-black and non-Hispanic children.”6 Thus, Black and Latino children 
have an increased risk of developing metabolic disease. Although dietary habits and the 
level of physical activity are determinants of risk for obesity, children are more likely to 
be overweight if they are from a socioeconomically disadvantaged family, regardless of 
the structure and safety of their neighborhood.
8
 Socioeconomic status is linked to the 
availability of healthy and diverse foods, access to safe spaces to play and exercise, and 
quality of education in the community. This stresses the importance of the widespread 
distribution of health services and literature through schools to ensure all children are 
impacted by healthy lifestyle and obesity prevention programming. With over 95% of 
children in the United States enrolled in schools, school-wide programming provides the 
best option for accessing the majority of adolescents.
3
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Rational for Investigation 
 School sites are targeted as the appropriate place for large-scale obesity 
surveillance and prevention efforts. The Centers for Disease Control (CDC), under the 
recommendation of the Institute of Medicine (IOM), released recommendations to the 
federal government to implement BMI surveillance and screening programs in public 
schools in 2007.
9
 Surveillance programs are typically anonymous and inform the schools 
about weight trends in subpopulations of the student population to guide policy and 
programming.
10
 Screening programs collect data on individual students to determine 
which individuals are at risk for weight-related diseases and notify parents of the 
results.
10
  Based on the data collected, schools can promote interventions through policy 
changes and programming efforts in an environment that supports healthy eating and 
physical activity for their student population.
3
 
Unfortunately, the school-based programs do not meet all the required criteria for 
a successful screening program, as defined by the American Academy of Pediatrics 
(AAP), show in Table 1.
10
 Schools often fail to meet the criteria for screening test, 
screener, referral and treatment, site, and program maintenance. For obesity screening, 
school sites use BMI and the CDC recommendations to determine the child’s weight 
status. BMI is based on two measurements, height and weight, which are not as easy to 
measure accurately. Additionally, this value must be standardized for age and gender 
before comparing the BMI to the CDC’s definition for overweight and obesity.11 The 
screener must be trained to properly collect and evaluate BMI data before drawing 
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conclusions about the child. Once a child has been labeled as overweight or obese, the 
school must refer this child and their family for proper follow-up and treatment. The 
school site may not have the capacity to facilitate the mass communication with families 
and ensure this is handled sensitively. Children may be stigmatized for their BMI, if these 
criteria are not met.
10
 The CDC has proposed several safeguards to protect children, 
including training the staff to administer the program, how to use equipment accurately, 
and the importance of regular monitoring and evaluation of the program for intended and 
unintended consequences.
9
  
Table 1. American Academy of Pediatrics Criteria for Successful Screening 
Programs in Schools. Reproduced from Table 1.
10
  
Aspect Criteria for a Successful Screening Program in Schools 
Disease Undetected cases must be common or new cases must occur frequently, and 
the disease must be associated with adverse consequences. 
Treatment Effective treatment must be available, and early intervention must be 
beneficial. 
Screening test The test should be sensitive, specific, and reliable. 
Screener The screener must be well trained. 
Target 
population  
Screen should focus on groups with high prevalence of the 
condition/disease in question or in which early intervention will be most 
beneficial. 
Referral and 
treatment 
Those with a positive screening test result must receive a more definitive 
evaluation and, if indicated, appropriate treatment. 
Cost/benefit 
ratio 
The benefit should outweigh the expenses (i.e., costs of conducting the 
screening and any physical or psychosocial effects on the individual being 
screened). 
Site The site should be appropriate for conducting the screening and 
communicating the results.  
Program 
maintenance 
The program should be reviewed for its value and effectiveness.  
 
However, the true weakness in the screening program lies in the measurement 
tool and the definition: BMI based on the CDC reference curves. BMI is a calculated 
value relating height and weight but, the raw value does not consider the distribution in 
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body fat and lean muscle or the developmental stage of the child, which influences the 
child’s body composition. The calculated BMI is then compared to a reference curve 
created by the CDC from a sample of children from the United States, rather than a 
biologically-based and developmentally-appropriate definition. The values on which BMI 
classifications are based should be correlated with the health status of children, not on 
how they compare to other children who have been identified as representing typical 
growth, development, and health.  
 
Specific Aims 
Clinical and school-based obesity prevention and treatment programs rely on BMI 
as a diagnostic and assessment indicator for childhood and adolescent obesity. However, 
BMI as a measurement tool, and therefore indicator of weight status, should be analyzed 
for its applicability to children. Specifically, BMI should be assessed for its ability to 
estimate adiposity because adiposity is associated with an increased risk for developing 
T2DM and CVD, especially in children six to twelve years of age.
12
 Healthcare 
providers, clinical scientists, and program managers should question whether BMI is 
really the information they need to inform their clinical decisions, rather than percent 
body fat, fitness level, or another measure of health. Once they have decided upon an 
indicator and measurement instrument, they must choose a definition or reference to 
compare the measured value and draw conclusions. They must question whether the 
reference is valid and appropriate or if further research is necessary to develop a more 
 7 
 
accurate standard of comparison. This literature review aim to accomplish the following 
objectives:  
 To analyze the foundation for current definitions of overweight and obesity in 
children and adolescents,   
 To determine the advantages and disadvantages of the most commonly used body 
composition measurement techniques, 
 To investigate the rationale for commonly used tools in intervention programs,  
 To make recommendations to healthcare providers, clinical scientists, and 
program managers for the appropriate measurement of overweight and obesity in 
children aged five to 19 years.  
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BACKGROUND 
 
Defining Obesity 
 Obesity is simply defined as an excess in body fat, but is not necessarily 
associated with comorbidities.
13
 For children, aged five to 18 years, a normal or healthy 
amount of body fat is considered 30% of body weight in females and 20-25% of body 
weight in males.
13
 There are only a few techniques to directly measure a person’s body 
composition, Magnetic Resonance Imaging (MRI) and Computerized Tomography (CT). 
These methods take images of the internal composition of the human body to determine 
the amount and distribution of body fat. MRI and CT scans reveal the level of central 
adiposity, the amount of fat in the abdominal region, which places individuals at an 
increased risk for CVD.
14
 These procedures are very expensive and require highly trained 
staff to complete them. Alternative measurements have been established to proxy for 
these methods, including Body Mass Index (BMI), because they are less invasive, less 
expensive, and easier to complete. BMI is the ratio of an individual’s weight in kilograms 
to height squared in meters. For adults, a BMI greater than 25 kg/m
2
 is considered 
overweight and a BMI greater than 30 kg/m
2
 is considered obese.
1
 Of note, the units are 
often dropped in the discussion of BMI.  
However, due to the physiological and developmental difference between adults 
and children, these standards are not always applied to children and adolescents. The 
BMI of children increases in the first year of life as newborns gain weight, then decreases 
for the next five years as the child grows rapidly through infancy, and then, following a 
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slight drop around age six, increases throughout childhood, adolescence, and into 
adulthood.
13
 The raw BMI is adjusted for gender and age then compared to pre-
determined cut-off values for overweight and obese classifications. Some clinicians and 
researchers prefer to use the percentile on a growth chart to identify overweight and 
obese children. These growth charts compare an individual child to a standardized data 
set for height and weight. The most commonly used standards by the Centers for Disease 
Control and Prevention (CDC), International Obesity Task Force (IOTF), and World 
Health Organization (WHO) are presented in Table 1.
15
 The American Academy of 
Pediatrics (AAP) uses the CDC definition.  
Table 2. Definitions of Adolescent Overweight and Obesity by Health Organizations. 
The definitions used by leading health organizations are presented alphabetically. 
Adapted from the summary table online. 
15
 Abbreviations: BMI=Body Mass Index, 
SD=Standard Deviation.  
Organization Applicable 
Age Range 
Definition of Overweight Definition of Obesity 
Centers for Disease 
Control and 
Prevention (CDC) 
2 – 19 years BMI in the 85th to 95th 
percentile 
BMI ≥ 95th percentile  
International Obesity 
Task Force (IOTF) 
2 – 18 years Age-specific cut-point 
based on BMI ≥ 25 kg/m2 
Age-specific cut-point 
based on BMI ≥ 30 kg/m2 
World Health 
Organization  (WHO)  
5 – 19 years BMI > 1 SD compared to 
WHO median 
BMI > 2 SD compared to 
WHO median 
 
CDC Definition 
 In 2000, the CDC released a revised set of growth curves for height, weight, and 
BMI, which were age and gender specific. The previous height and weight growth curves 
were established in 1977. The CDC reviewed the National Center for Health Statistics 
(NCHS) data from 1963 to 1994 and the three National Health and Nutrition Examination 
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Survey (NHANES) data sets from 1988 to 1994.
16
 The NCHS and NHANES were 
nationally distributed surveys that collected anthropometric data on children living in the 
United States. To avoid underestimating the true prevalence of overweight and obesity 
with an increasingly heavy population, data for children aged six years and older in the 
NHANES III were excluded from the analysis.
16
 The remaining data points were 
smoothed for each percentile cut-off using a locally weighted regression model.
16
 In 
general, the updated curves followed a similar pattern as the previous but there are 
additional percentiles in the updated curves. The following percentiles are depicted on the 
2000 CDC growth charts: 3
rd
, 5
th
, 10
th
, 25
th
, 75
th
, 90
th
, 95
th
, and 97
th
.  
The 2000 CDC set of included BMI-for-age charts, which were not part of the 
1977 growth charts, for children aged two to 20 years. Healthcare providers and program 
managers must plot the child’s calculated BMI by age on gender-specific charts to 
determine the child’s weight status. If the point lies between the 85th and the 95th 
percentiles, then the child is classified as overweight. If the point lies at or above the 95
th
 
percentile, the child is obese.
15
  
 
IOTF Definition 
 In 1999, the International Obesity Task Force assembled a workshop to establish 
globally applicable cut-offs for overweight and obesity for children, based on the adult 
cut-offs. The international community was dissatisfied with the CDC growth curve and 
wanted to establish a “less arbitrary and more international” definition.17  
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The committee referred to six international datasets, each with over 10,000 
subjects, but different prevalence rates for obesity. The data represented children from 
birth to 25 years of age from Brazil, Great Britain, Hong Kong, the Netherlands, 
Singapore, and the United States that was collected from 1978 to 1993.
17
 The data from 
several other countries were considered, but ultimately excluded, because they were not 
nationally representative or large enough samples. The centile BMI data from each 
country was plotted against age and smoothed using the LMS method so that the country-
specific data could be compared. After averaging these lines, a list of international cut-off 
points was generated for males and females to extrapolate when the BMI curve would 
pass through the adult cut-offs of 25 kg/m
2
 and 30 kg/m
2
 at age 18 years, as shown in 
Table 3.
17
  
Table 3. International Body Mass Index (BMI) Cut-off Points for Overweight and 
Obesity by Gender and Age. Based on the six data sets from the International Obesity 
Task Force, the following cut-offs were calculated to correlate with adult overweight and 
obesity values. A BMI of 25 kg/m
2
 is overweight and 30 kg/m
2
 is obese. The cut-off 
points increase with age and are greater for females than males. Adapted from Table 4.
17
  
 Body mass index 25 kg/m
2
 Body mass index 30 kg/m
2
 
Age (years) Males Females Males Females 
5 17.42 17.15 19.3 19.17 
8 18.44 18.35 21.60 21.57 
12 21.22 21.68 26.02 26.67 
14 22.62 23.34 27.63 28.57 
18 25 25 30 30 
 
WHO Definition  
 WHO updated its growth reference curves in 2007. WHO set out to identify 
international data to create a growth reference curve but the available data sets were 
neither sufficiently comprehensive nor rigorous enough to meet the inclusion criteria. 
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Instead, the revision relied on the NHCS data used in the previous 1977 NCHS/WHO 
curves and included the new WHO Child Growth Standards.
18
 From 1997 to 2003, the 
WHO Multicentre Growth Reference Study (MGRS) collected data from Brazil, Ghana, 
India, Norway, Oman, and the United States to establish the WHO Child Growth 
Standards.
19
 The birth to five year growth curve was based on the principal that all 
children develop the same for the first five years of life, regardless of ethnicity, as long as 
they have adequate nutrition and health.
19
 The purpose of the MGRS is to create 
prescriptive tools that demonstrate the physiological ideal growth and development.  
 The updated WHO growth curves for children aged five to 19 years accounted for 
the results of the MGRS and included data from children 18 months to 24 years of age.
18
 
The Box-Cox power exponential method was used to construct the curves. When the 
2007 BMI-for-age curves were compared with 1991 WHO curves for BMI in children 
age nine to 24 years old, the 1991 85
th
 and 95
th
 percentile curves corresponded to a 
greater BMI than the respective 2007 curves for boys and girls.
18
 This suggests a 
reduction in the cut-off points for overweight and obese children, based on BMI 
classification.  
 
Summary of Definitions 
 The CDC, IOTF, and WHO definitions present three different thresholds for 
identifying overweight and obese children. Slight differences in these values, may cause 
confusion for healthcare providers and program managers, as providers and managers 
may not understand the relationship between z-scores, standard deviations, and the raw 
 13 
 
BMI values. Figure 2 shows a comparison of the WHO and IOTF standard deviation cut-
offs for BMI by age.
20
 The IOTF thresholds of 25 kg/m
2
 and 30 kg/m
2
 for overweight and 
obesity correspond with the 1 standard deviation (SD) and 2 SD for the WHO thresholds 
but, the IOTF values are greater for every age. Using the IOTF definition, children must 
have a higher BMI to be classified as overweight and obese, compared to the WHO 
definition. 
 
Figure 2. Comparison of WHO and IOTF BMI standard deviations cut-offs for 
boys, Age 5-19 years. The trends with age are similar for BMI classification of 
underweight and normal. However, for overweight, defined by WHO as greater than 1 
SD from the mean and by IOTF as a BMI of 25 kg/m
2
, the IOTF threshold is greater. 
Additionally, for the obese classification, defined by WHO as greater than 2 SD from the 
mean and by IOTF as a BMI of 30 kg/m
2
, the IOTF threshold was much greater, 
especially for children between 7 and 14 years of age. Reproduced from WHO website.
20
. 
Figure 3 shows a comparison the WHO and CDC standard deviations for BMI by age.
20
 
The CDC curve of 2 SD above the mean corresponds to a higher BMI than the WHO 
curve. The CDC curve of 3 SD continues off the chart and does not appear to follow the 
 14 
 
pattern of the WHO curve. However, these two thresholds are hard to compare in this 
graphical form because the CDC thresholds are based on percentile, not SD.  
 
Figure 3. Comparison of CDC and WHO BMI standard deviations cut-offs for boys, 
Age 5-19 years. The WHO and CDC curves are very similar for underweight children 
and within the first standard deviation. There is significant deviation for the second and 
third standard deviations greater than the mean, suggesting inconsistency in the 
overweight and obese classification for children in this range using these two definitions. 
Reproduced from WHO website.
20
 
 
Body Composition Measurement Tools 
There are a plethora of body composition measurement tools. The goal of these 
measurements is to determine the proportion of body composition that is fat and the 
proportion that is lean body mass. Several studies have correlated the amount of body fat 
to the risk for cardiovascular and other weight-related conditions.
14
 Measurement 
techniques can be divided into direct and indirect methods. Direct techniques, including 
 15 
 
MRI and CT, directly view the body composition to distinguish fat from lean muscle. 
Indirect techniques rely on anthropometric measurements, volume displacement, or other 
values to estimate the percent body fat from a calculation. Some indirect techniques are 
Underwater Weighing (UWW), Air Displacement Plethysmography (ADP), Dual-Energy 
X-ray Absorptiometry (DXA), Bioelectrical Impedance Analysis (BIA), Skinfold (SF) 
thickness, Waist Circumference (WC), Waist-to-Hip ratio (WHR), and BMI. Certain 
tools are ideal for laboratory settings or to establish a reference for other tools, while 
others are more applicable in field settings when resources are limited and accuracy is not 
as important. Each of these measurement techniques presents advantages and 
disadvantages. The ideal measurement technique should be affordable, easy to replicate, 
precise, comfortable for the individual being measured, and, most importantly, accurate.  
 
Magnetic Resonance Imaging (MRI) 
MRI is a body imaging technique that uses radio waves to generate multiple 
cross-sectional images of the body.
13
 These images distinguish between bone, organ, fat, 
and muscle mass. This is the most accurate body composition tool, with the exception of 
an autopsy.
21
 The high resolution images show the amount and distribution of body fat, 
which has clinical significance for prevention and treatment recommendations.  
Although the scans are safe for children because they use non-ionizing radiation, 
MRIs may be contraindicated for a child if he or she has a hard time lying still and is 
uncomfortable in enclosed spaces. Additionally, the equipment and expertise to complete 
and interpret the scans are expensive, ranging from $208 for a CT scanned covered by 
 16 
 
Medicare to $2,800 for an MRI at a private clinic.
22
 Due to these limiting factors, MRI is 
not often used to assess body composition in a large number of children. Therefore, MRIs 
are most applicable in laboratory or clinical settings to establish a reference standard.  
 
Computerized Tomography (CT) 
CT scans send X-rays through the body at various angles to generate an image of 
the body.
13
 This image is two-dimensional and presents a contrast between bone and 
other body tissue. CT scans do not provide a cross-sectional view so they do not show the 
distribution of fat in the body. Some of the other limitations of CT scans are the cost and 
location of the equipment, the expertise required to conduct and interpret the scans, and 
the presence of radiation. Therefore, this imaging technique is not recommended for 
children or pregnant women because they would be exposed to harmful radiation.  
 
Underwater weighing (UWW)  
 Hydrodensitometry, or underwater weighing, is often considered the “gold 
standard” of indirect body composition measurements.13 This method is based on 
Archimedes’ principle, which states that the upward buoyant force of the water is equal 
to the weight of the water displaced.
13
 To perform this technique, the subject must exhale 
and submerge himself in a tank of water for several seconds. The test conductor then 
measures the volume of water displaced.  By taking into consideration the temperature of 
the water, density, and volume displaced, the test conductor can calculate the proportion 
of fat and lean muscle mass in the subject. UWW can be challenging to conduct for some 
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individuals who have a lot of excess fat and float or who are afraid to be submerged 
under water, such as children.
21
 However, this is a highly accurate technique so clinical 
researchers and healthcare providers should utilize this method whenever possible.  
The biggest limitation to this technique is the setting for conducting the test. The 
size of the equipment and nature of the measurements require that UWW is completed in 
a highly controlled environment in a clinical or research setting. While the test itself may 
cost only $10 to $75 per person, the tank and associated equipment requires an initial 
investment of approximately $9,000.
23,24
 These prices do not include the manpower 
required to conduct and analyze UWW results.  
 
Air Displacement Plethysmography (ADP) 
ADP, sometimes referred to as a “Bod Pod,” is a modification of UWW. This 
technique measures the volume of air displaced in a chamber, rather than water.
21
 The 
subject is required to wear a swimsuit and sit inside a pod. The amount of air displaced is 
used to calculate the percent body fat. Some of the challenges of UWW, such as fear of 
drowning, are eliminated but the fear of claustrophobia and need to disrobe persist. This 
measurement tool is ideal for children because they do not need to be still; they simply sit 
within the chamber. The Bod Pod is also advantageous because it can be transported to a 
school site or athletic facility for measurement of a large number of children. Most 
clinical and athletic facilities charge $40 to $65 per test, while the Bod Pod device costs 
approximately $35,000.
23
 The overall expense of the device is the biggest limiting factor 
to widespread use of ADP beyond clinical and laboratory settings.  
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Dual Energy X-Ray Absorptiometry (DEXA or DXA) 
DXA is gaining popularity as an accurate measurement tool for assessing body 
composition, although DXA is also used to measure bone density.
25
 DXA uses low-
energy X-ray beams to determine bone from soft tissue and fat from fat-free mass.
21
 The 
results have been validated against UWW.
13
 DXA is advantageous over UWW because 
the patient lies on table instead of submerging him or herself in a tank of water and does 
not require the person to expose their body. This measurement can be taken multiple 
times without harm to the child. The level of radiation generated by DXA is much lower 
than from CT scans but, DXA scans are still contraindicated for use in pregnant women. 
Although the equipment is expensive and restricted to a laboratory and clinical settings 
with highly trained personnel to operate the equipment, the accuracy of the results would 
allow DXA to serve as a reference measurement for children’s weight status.  
 
Bioelectrical Impedance Analysis (BIA) 
BIA measures the conductance of an electric current through the body to estimate 
the amount of body fat present.
13
 Fat is a poor conductor of electricity so it impedes the 
movement of an electric current through the body. The amount of resistance to an electric 
current can be measured as the time it takes for the electric current to travel from one 
electrode to the other: the more body fat present, the more resistance, and the longer time 
for the current to travel. This information can be used to calculate fat-free body mass,
25
 
BIA is safe for children, fast, and easy to complete. There are several portable 
measurement devices that perform BIA through the hands or feet. BIA is a cost-effective 
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technique that sacrifices some accuracy for ease of obtaining body composition 
information. However, this method does require the investment in the device itself, 
proper calibration, and children may need to lie down during the measurement. The 
individual’s body water may be affected by dehydration or illness.21  
 
Skinfold (SF) 
 SF thickness measurements use calipers to measure subcutaneous fat at various 
sites: the front of the arm, the back of the arm, below the scapula, and near the hip.
25
 
These measurements can then be inserted into gender- and age-specific equations to 
determine the total body fat and predict its distribution. However, the SF measurements 
are hard to repeat and are subject to error. If the incorrect site is used or more than the 
subcutaneous fat is pinched, the results will be inaccurate. The results are hard to 
replicate between multiple researchers on the same individual due to differences in 
caliper use.
13
 Additionally, this method is challenging if the individual has more fat than 
the caliper is designed to measure. While SF measurements are relatively easy to obtain 
with properly trained researchers, inexpensive, and convenient, they are less accurate 
than other measurement methods because they make predictions about total body fat from 
measurements of subcutaneous fat.
21
  
 
Waist Circumference (WC) 
WC is the measurement around the smallest part of the waist between the rib cage 
and the hips.
25
 Some researchers define WC as the measurement around the natural 
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waist.
21
 Comparing these two definitions, the resulting WC may be different, especially if 
the individual has a large amount of abdominal fat and the waist is difficult to identify. 
WC indirectly measures the amount of abdominal fat, which is a risk factor for CVD. The 
accumulation of visceral fat has negative implications on heart and internal organ 
health.
25
 With training or a strict measurement protocol, researchers can accurately 
collect this data. WC is the simplest way to predict abdominal obesity.
25
 Additionally, 
this measurement technique is inexpensive and easy to measure. The caveat in children is 
that there is no reference data for comparison.
21
  
 
Waist-to-Hip Ratio (WHR) 
WHR builds on the WC method. The hip measurement is taken from around the 
widest point of the hips.
25
 The use of two separately measured data points increases the 
risk of measurement error and results in a loss of information when reported exclusively 
as WHR. Two people with the same WHR may have a different combination of height 
and weight. It is not customary to present WHR as a ratio of two numbers to retain this 
information. 
Despite the inaccuracies in measurement, the WHR correlates positively with an 
increased risk of CVD, regardless of the prediction from BMI.
21,25
 WHR measurements 
are relatively easy to obtain, inexpensive, and easy to complete in the field. The WHR is 
not commonly applied to children and adolescents due to the differences between body 
fat distribution in children and adults.
13
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Body Mass Index (BMI) 
 BMI is another body composition measure calculated from two other 
anthropometric measures, weight and height. BMI is calculated as the weight in 
kilograms divided by the height in meters squared.
21
 Standardized cut-off points have 
been established for adults. However, there are several thresholds as defined by the CDC, 
IOTF, and WHO to categorize children as underweight, normal, overweight, or obese. 
Many studies have shown a positive correlation between BMI and abdominal body fat, 
which is a risk factor for cardiovascular disease. BMI, however, is inaccurate for 
individuals with a greater proportion of lean body mass, such as athletes.
25
 Individuals 
with large muscle mass will be incorrectly classified as overweight or obese because they 
weigh more than is expected for someone of his or her stature. BMI does not distinguish 
between weight due to learn body mass and weight due to fat. This misclassification is of 
particular concern for children and adolescents who are at various stages of growth and 
development. BMI is a commonly used body composition measurement in intervention 
programs, despite criticisms, due to the ease of calculation and consistent correlation with 
risk level.  
 
Summary of Measurements 
There are many body composition measurement techniques practiced by 
healthcare providers, clinical scientists, and program managers, summarized in Table 4.
25
 
Each of these techniques provides valuable information independently or can be 
combined to create new standards or validate new measurement strategies. 
 22 
 
Table 4. Summary of Features of Body Composition Measurement Techniques. The 
table compares the precision, ability to measure total fat, and ability to measure regional 
fat for several direct and indirect measurement techniques. Adapted from Table 17.3.
25
  
Method  Precision Measures 
total fat 
Measures 
regional fat 
Imaging Techniques    
Magnetic resonance imaging (MRI) 
Computed tomography (CT) 
High 
High 
Yes 
No 
Yes 
Yes 
Densitometry    
Underwater weighing (UWW) 
Air displacement plethysmography (ADP) 
High 
High 
Yes 
Yes  
No 
No 
Absorptiometry     
Dual energy absorptiometry (DXA) High Yes Yes 
Impedancemetry    
Bioelectrical impedance (BIA) High Yes No 
Anthropometry    
Skinfolds (SF) 
Waist Circumference (WC) 
Waist-to-hip ratio (WHR) 
Height, weight, body mass index (BMI) 
Low 
Moderate 
Moderate 
High 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
No 
 
The most appropriate measurement tool for measuring body composition varies 
based on the goal of the situation. This depends on the conditions of the data collection, 
the subject’s individual characteristics, and the level of accuracy and precision of the tool 
desired by the researchers. The cost of the measurement varies proportionally with the 
accuracy of the tool: the more precise, the more expensive. The high cost of accurate 
equipment is justified if a large number of subjects will be measured to establish a 
database or reference sample, which can be used again in future investigations.   
In laboratory or clinical settings, in which the objective is to establish a reference 
standard for other measurement techniques or for a baseline comparison, ADP or MRI 
are the ideal methods. The high price for each test or scan and the equipment is justified 
by the quality of the results. This data can then serve as a reference sample for future 
studies on a larger scale with less expensive techniques. 
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If the goal of the program is to assess the body composition of a large number of 
children quickly, such as at community health clinic, BIA is cost-effective. For the 
investment in the device, the program managers and healthcare providers can have 
accurate predictions of percent body fat. This information can then be used to guide the 
clinical recommendations for obesity prevention or treatment. However, in low-resource 
settings, such as in developing countries or public school sites, an anthropometric 
measure is sufficiently accurate to guide clinical practice. Depending on the rigor of the 
measurement and goal of the study or intervention, clinicians and program implementers 
may choose one or several techniques.    
 
Stages of Child and Adolescent Development and Body Composition  
One of the biggest challenges in measuring and assessing body composition in 
children and adolescents is the change in body composition with development. Some 
investigators focus on the early development of children as indicators of future growth 
and obesity risk. The identification of early adiposity rebound is a risk factor for 
adolescent and adult obesity.
2
 Adiposity rebound is a specific change in body 
composition between approximately age two and six years: the child’s percent body fat 
decreases until age five then increases again as the child approaches six years of age.
2
 
However, adiposity rebound must be identified retrospectively so it does not have clinical 
applications in the child’s early development. Additionally, some studies have shown 
rapid weight gain to be reflective on an increased risk of obesity.
2
 In children who do not 
exhibit adiposity rebound, according to the WHO Child Growth Standards, the child’s 
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BMI increases quickly in the first six months of life and then decreases slightly as the 
child approaches five years of age.
20
  
As children age through adolescence into adulthood, they grow taller and the 
distribution of fat changes with puberty. Based on the 1999 to 2004 NHANES survey, at 
age 8 years, the mean body fat percentage in boys was 28% and 31% in girls.
26
 At age 19 
years, boys had 23% body fat and girls had 35%, as seen in Figure 4.
26
 As boys aged, 
their percent body fat remained relatively constant until early adolescence, corresponding 
with puberty, and then decreased until the teenage years, during which the percentage 
leveled off. However, as girls aged, their percent body fat generally increased over 
time.
26
 Therefore any measured body composition value must be considered in respect to 
age and gender of the subject, including BMI.
13
  
 
 
Figure 4. Mean percentage body fat in children, Age 8 to 19 years, NHANES, 1999-
2004. Based on the NHANES data from 1999 to 2004, boys’ percentage body fat 
decreases around puberty and slowly increases, while girls’ percentage body fat generally 
increases with age. Reproduced Figure 1.
26
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LITERATURE FINDINGS 
 
Before making suggestions to clinicians, scientists, and program developers, 
further investigation of the definitions of obesity, measurement strategies, and integration 
of the two is necessary. In general, there is a lack of agreement amongst professional 
scientists and clinicians about the preferred definition for overweight and obese children 
and adolescents. The support for and against the use of each definition suggests that the 
creation of a new criterion may be easier than modifying the existing standards. 
Additionally, each of the indirect body composition measurement techniques previously 
described have been analyzed for specificity and sensitivity compared to direct 
measurement methods. This summary of the literature presents multiple perspectives in 
the current research to achieve improved health outcomes from children, especially in 
regard to weight status.  
 
Review of the Definitions of Obesity  
 There are three primary thresholds of obesity used in the discussion of children 
and adolescent overweight and obesity: the Centers for Disease Control and Prevention 
(CDC), the International Obesity Task Force (IOTF), and the World Health Organization 
(WHO). Each of these definitions seeks to identify children with a high percent body fat, 
which places them at and increased risk for weight-related diseases. Most organizations 
use these definitions to provide recommendations to families or complete their 
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investigations. The current literature provides pros and cons for each definition but does 
not come to a consensus of a single definition.  
 
Review of the CDC Definition in the Literature 
 The CDC definition applies to children age two to 19 years. BMI is measured and 
compared to age- and gender-specific growth charts. Obesity is defined as a BMI greater 
than or equal to the 95
th
 percentile. Overweight is a BMI falling between the 85
th
 and the 
95
th
 percentile. Normal or healthy is any BMI between the 5
th
 and the 85
th
 percentile.
15
  
The CDC updated the growth charts through statistical analysis of nationally 
representative data collected on children from the United States.
2
 The American 
Academy of Pediatrics uses the CDC definitions in the clinical assessment of adolescent 
weight status.
2,27
  
 However, the CDC definition has been criticized for the origin of the reference 
data and its application. The CDC growth charts were not developed as standard of ideal 
growth but as a reference for typical growth.
2
 The curves released in 2000 were based on 
the distribution and proportion of children at various heights and weights in data 
collected from 1963 to 1994.
16
 The new measurements of children are plotted against a 
reference population rather than a gold standard of theoretical development. As the height 
and weight of children in the reference population increases with time, as was the case 
with the updated curves in 2000 compared to 1977, the mean and percentile cut-offs for 
BMI also increased. The CDC excluded some of the newer data points to account for this 
growth.
16
 However, critics argue this was insufficient, and the inclusion of newer data 
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points skews the reference sample to the right, underestimating of the true prevalence of 
overweight and obesity.
27
 Additionally, the reference data has a wide confidence interval 
and does not take into account ethnic differences.
2,28
   
 
Review of the IOTF Definition in the Literature 
 The second definition, authored by the IOTF, reflects an attempt by the 
international community to establish a common definition to be used to compare 
individuals and populations on a global scale.
11
 The IOTF used data from Brazil, Great 
Britain, Hong Kong, the Netherlands, Singapore, and the United States to establish a 
definition of childhood obesity for child from birth to age 20 years.
28
 The IOTF cut-offs 
for overweight and obesity align with the adult definitions: overweight is a BMI greater 
than or equal to 25 kg/m
2
 and obesity is a BMI greater than or equal to 30 kg/m
2
.
15
 
Support for the IOTF data is based in its correlation with the 2000 CDC definition. The 
IOTF overweight cut-off corresponds to the 82
nd
 to 84
th
 percentile on the CDC curves, 
and the obesity cut-off corresponds to the 96
th
 to 97
th
 percentile.
28
 The CDC cut-offs are 
at the 85
th
 and 95
th
 percentile for overweight and obesity, respectively.  
 While the IOTF appears to expand the CDC definition to an international context, 
there are several weaknesses. First, the measurement instrument used in the IOTF 
definition has low sensitivity.
11
 Sensitivity is the proportion of children with the highest 
body fat percentage as identified by a direct standard of measurement who were correctly 
identified by BMI.
2
 This means that the IOTF definitions underestimate the prevalence of 
overweight and obesity. This also means the number of children with elevated fasting 
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lipids, glucose, and insulin levels, as well as high blood pressure, are underestimated.
5
 
Additionally, the data supporting the IOTF definition is pooled from six international 
data sets.
2
 This is not widespread enough to take into account all ethnic and regional 
differences in body composition. Lastly, the IOTF is not appropriate for the classification 
of individual children.
2
 The IOTF definition includes only the two cut-off points for 
overweight and obesity and does not include percentiles stratification within these.
28
 
Therefore, the IOTF definition should not be used for clinical guidance.
2
  
 
Review of the WHO Definition in the Literature 
The third common definition is that proposed by the WHO. For children under 
age five, the WHO MGRS created a theoretical physiological development curve.
19
 For 
children age five to 19 years of age, the WHO defines overweight as a BMI greater than 
one standard deviation from the median and obesity as greater than two standard 
deviations from the median.
15
 The median was established by evaluating data from 
Brazil, Ghana, India, Norway, Oman, and the United States.
28
 The WHO definitions 
demonstrate a correlation between BMI and CVD risk factors.
5
 However, the CVD risk 
data for children is adapted from data for adults so it may not be accurate.
5
  
Until the WHO extends its Child Growth Standards through adulthood, the 
median data will continue to be the reference point. The data source has been accused of 
using homogenous samples and excluding the heaviest children, which narrow the upper 
percentiles and z-scores of BMI, resulting in a higher prevalence of children who are 
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identified as overweight and obese compared to the 2000 CDC curves.
28
 However, the 
WHO data is still relatively new and has not been validated extensively.
28
  
 Overall, the three definitions differ only slightly in their classification of 
overweight and obese children, summarized previously in Table 2. In practice, most 
children will be correctly identified as overweight or obese, regardless of the chosen 
definition. In an independent review, Reilly et al stated that there is no reason to suggest 
that the IOTF definition was better than national references, such as the CDC definition.
11
 
However, the AAP supports the use of the CDC definition over the IOTF definition 
because the IOTF definition does not provide percentiles to classify individual children.
2
 
Depending on the objective of a research study or population, the CDC, IOTF, and WHO 
definitions may prove to be more effective. Lastly, the definitions should only be applied 
to children older than five years of age because not enough is yet known about the 
development of children under five to apply these definitions.
5
 
 
Review of Measurement Tools  
 Once the investigator or clinician selects a definition for overweight and obesity, 
he or she must then chose a method for measuring body composition. Each measurement 
technique seeks to determine the percent body fat directly or indirectly, through 
calculation. Whenever possible, the most accurate method should be chosen. The 
sensitivity, specificity, and positive predictive value (PPV) are ways to determine 
accuracy, summarized in Table 5.
2
 According to Krebs et al, sensitivity is the proportion 
of children who are fattest when measured with a standard method, such as DXA, and 
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also correctly matched with BMI.
2
 Specificity is the proportion of children who are not 
the fattest with standard method (DXA) and also correctly matched with BMI 
classification. PPV is the proportion of children who are truly overweight or obese 
according to BMI and also the fattest with standard method. Lastly, 1- PPV is the 
proportion of children who are incorrectly identified as fat with BMI compared to 
standard method.
2
  
Table 5. 2x2 Table of Standard Method Compared to BMI Classification. This table 
depicts the relationship between sensitivity, specificity, false positive, and false negative 
for BMI classification as a screening test for obesity. Dual X-ray Absorptiometry (DXA) 
is used as the standard or accurate method of obesity measurement.
2
 
 
 Standard Method (DXA) 
Fattest Not Fattest 
B
M
I 
c
la
ss
if
ic
a
ti
o
n
 
Overweight or 
obese 
High sensitivity False positive 
Not overweight 
or obese 
False negative High specificity 
    
The most accurate techniques are UWW, ADP, DXA, CT, and MRI and could be 
substituted for DXA in the above table.
15
 The only “gold standards” of measurement are 
body composition models, which integrate several measurement techniques together.
11
 
However, the most accurate methods require highly trained personnel, expensive 
equipment, and a laboratory-controlled environment. Some alternative measures are more 
cost-effective, fast, and easier to implement, such as SF, BIA, WC, WHR, and BMI.  
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SF in the Literature  
 SF measures subcutaneous fat at least three sites on the body, which can be 
extrapolated to total body fat via calculations.
2
 SF equations predict total body fat with 
high precision and are preferred to BMI in predicting body fat percent.
28
 Additionally, SF 
performs as well as WC in terms of sensitivity and specificity.
2
  
However, the challenges of measuring the SF themselves limit the reliability of 
the results.
28
 There is a high risk of measurement error when pinching fat, and this is 
compounded through the calculation.
2
 If SF data was collected by highly trained 
personnel, the findings do not directly yield useful clinical findings as there is no 
reference data for children. For these reason, the AAP does not promote the use of SF as 
a diagnostic tool for overweight and obesity.
2
  
 
BIA in the Literature 
BIA measures the amount of resistance to a low energy current through the body. 
This value is used to calculate the fat free mass in the individual, which can be used to 
determine fat mass and percent body fat. These calculations are more accurate than 
predictions made from other indirect measures of body composition because they are 
related to total body fat, not just fat in a region of the body that was measured 
specifically. Although the gender- and age-specific equations used with BIA data are not 
specific to each individual measured, they correlate with data collected from DXA.
26
 
BIA-based reference curves in England and Turkey have a similar shape to DXA curves 
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derived from NHANES data, further supporting the acceptability of BIA as an alternative 
to DXA.
26
  
 On the other hand, the equations are the basis of the limitations of BIA. There is 
inherent bias in the equations because they are not specific to each subject.
28
 
Additionally, BIA data varies by body hydration and illness. Even if more accurate 
equations existed, there is no reference standard of acceptable body fat percentages in 
children.
28
 Therefore, this information must be compared to adult standards to be useful.  
 
WC and WHR in the Literature 
WC is often a preferred measurement tool because it only requires one 
measurement.
15
 WC measurements are linked to abdominal fatness and are better at 
estimating visceral fat than BMI, when compared to a MRI standard.
2
 WC, as a measure 
of abdominal obesity, was correlated with high cardiometabolic risk.
29
 Therefore, WC is 
“significantly more efficient than BMI in predicting insulin resistance, blood pressure, 
serum cholesterol levels, and triglyceride levels.”2 With further research about the impact 
of abdominal obesity in children, WC may prove to be a more valuable measure than 
BMI. In a study of Spanish children and adolescents aged six to 17 years, WC yielded a 
greater prevalence of obesity than established by the IOTF standard, based on the BMI 
cut-off of 25 and 30 kg/m
2
.
29
 WC at or above the 90
th
 percentile was selected as the cut-
off for abdominal obesity, based on correlation with high trunk fat observed with DXA.
29
 
If reliance on BMI as the preferred indicator is underestimating the true level of 
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overweight and obesity among children, the health status of the entire population of 
children may be worse than is thought.  
The primary limitation of WC is the lack of reference for comparison.
2
 Neither 
the international community nor CDC has established a threshold for adolescent 
abdominal obesity.
29
 Two individuals may have the same WC but different body fatness. 
Therefore WC information should be supplemented with other data, such as height or 
BMI, to draw further conclusions about an individual’s health status. WHR may be an 
acceptable addition to build on the information by WC alone, but the addition of a second 
anthropometric measure increases the likelihood of measure error.
21
  
 
BMI in the Literature 
 BMI was the most frequently encountered measurement tool in the literature.
30
 
BMI has been praised for the relative simplicity of the measurements and calculations but 
criticized for its assumptions about body fat distribution. Compared to direct 
measurements of body fat, such as DXA, BMI has high specificity and moderate 
sensitivity.
11
 This means BMI is both able to accurately classify children who are the 
fattest when measured with DXA and children who are not the fattest.
2
 The primary goal 
of BMI is to identify children with the highest percentage of body fat.
2
 This is clinically 
relevant as their body fat percent is correlated with adverse levels of cholesterol and 
lipids in the blood.
31
 To increase the accuracy of these measurements, Himes suggested 
using the mean of multiple measurements of height and weight to reduce random error in 
the BMI calculation.
28
 The CDC has also made their measurement protocols available 
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online so that they can be used by other investigators.
28
 The strong correlation between 
BMI and percent body fat is the driving argument for its use.
2
 As depicted in Figure 5, 
the higher the BMI classification, the greater prevalence of children with high percentage 
body fat.
32
  
 
Figure 5. Prevalence of children with percentage body fat 65
th
 to 85
th
 percentile, by 
BMI classification, Age 8-19 years, NHANES, 1999-2004. BMI classifications are 
based on the CDC growth charts: low-normal (<75
th
 percentile), high-normal (75
th
 to 
<85
th
 percentile), low-intermediate (85
th
 to <90
th
 percentile), high-intermediate (90
th
 to 
95
th
 percentile), moderately high (95
th 
to <97
th
 percentile), and very high (≥95th 
percentile). As BMI classification increases, the prevalence of a higher percentile of 
percentage body fat increases, suggesting the accuracy of BMI in predicting percent body 
fat. The data source is NHANES 1999-2004. Reproduced Figure 1.
32
  
 In opposition, BMI is not a measurement of body fat but a relationship between 
height and weight. BMI is justified as a proxy for body fat percent based on the 
assumption, as height increases, any disproportionate increases in weight are due to an 
increase in body fat.
31
 However, the weight measurement used does not distinguish 
between lean body mass and body fat.
13
 BMI cannot account for the distribution of fat 
either. As a child grows and develops, he or she will gain weight but this may be in the 
form of muscle, visceral fat, or subcutaneous fat, depending on the stage of 
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development.
2
  Additionally, BMI varies between males and females, by age and level of 
maturity, and by relative leg length related to height.
13
 The BMI development curves do 
not reflect the growth spurt of adolescence, common in puberty.
2
 Since the BMI curves 
are based on arbitrary points in the reference data, rather than evidence of ideal growth, 
they lack power.
13
  
Some studies have attempted to reduce the error in BMI calculation by taking 
multiple measurements of height and weight to account for daily and seasonal 
variability.
28
 However, the use of two measurements compounds the systematic and 
random error in BMI.
28
 Additionally, the inter-observer error was hard to eliminate, 
especially for large studies or screening events, which require the measurement of many 
subjects.
33
 After reviewing the literature for acceptable measures of error in 
anthropometric measurement, Ulijaszek et al., concluded that error was unavoidable.
33
 
There were several strategies suggested by the AAP to reduce errors, presented in Table 
6.
28
 These strategies should not be implemented independently but occur simultaneously 
to increase the precision of the measurements and yield more accurate results.  
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Table 6. American Academy of Pediatrics Recommendations to Minimize Data 
Collection Error for Height, Weight, and BMI. This is a summary of practices 
suggested to reduce systematic and random errors in measuring height and weight and 
calculating BMI. Modified from Table 1.
28
  
 
Recommendations to minimize data collection error for height, weight, and BMI 
Equipment and space 
Choose appropriate equipment 
Check and calibrate equipment regularly  
Keep extra batteries for scales 
Provide a private area for child measurements, if possible 
Measurement protocols 
Choose a protocol that matched that used in the growth charts 
Have written copies of measurement protocols for review 
Train and standardize data collectors 
Make sure data are recorded in the appropriate units (eg, kilograms, pounds) 
Make sure data are measured and recorded to the nearest unit specified in the protocol (eg, 0.1 cm 
for height, 0.1 kg for weight) 
Collect some replicate measurements for assessment of reliability, if possible 
Personnel 
Use as few observers as is feasible to make measurements, especially for research studies 
Identify observers on data-collection forms or data-entry programs 
Data management 
Use as exact ages as possible 
Have unique identifiers for children  
Calculate BMI, percentiles, and  scores by using tables or computer programs 
 
Despite the criticisms of BMI, the affordability and association between 
percentage body fat lead to its widespread use. The raw BMI data can be standardized 
into BMI z-scores or BMI percentiles. BMI z-scores must be calculated by a computer 
and are not well understood by clinicians.
2
 However, z-scores are useful for the 
assessment of adiposity but minimize the fatness in the most obese children.
34
 The 
“centile scale attenuates BMI change in both fat and thin children.”34 BMI z-scores are 
most helpful for patients on the extreme ends of the curve and for comparison to a 
reference group.
28
 In intervention programs, BMI and BMI z-scores can be used as 
proxies for change in percent body fat.
35
 Of the four methods to measure change in 
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adiposity, BMI, BMI percent, BMI z-scores, and BMI percentile, raw BMI units and 
percent change in BMI are the best methods for measuring change in adiposity.
34
 
Depending on the goals of the study or outcomes desired by the clinician, the 
appropriate measurement tool varies. The investigator or clinician must weigh reliability, 
accuracy, and ease of collecting the data. The most reliable measurements are height and 
weight, followed by BIA, SF, and, lastly, WC.
28
 This was confirmed by a review of 
measurement error, which stated there were greater differences between observers in WC 
measurements than in the measurements of height and weight.
33
 If the goal is to measure 
subcutaneous fat, SF is the ideal measurement. If the goal is to measure visceral fat, WC 
is the preferred measurement. The objective of the investigation or intervention drives the 
measurement tool. Moreno et al. found no difference between BMI, WC, or SF to predict 
metabolic syndrome.
2
 Katzmaryzk et al suggested that WC should supplement the BMI 
data to give a more accurate prediction of CVD risk.
2
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DISCUSSION 
 
 The topics of childhood obesity and adolescent have attracted the attention of 
parents, providers, and policymakers alike but the present research is redundant and 
incomplete. While several publications demonstrate unique study methods or new 
intervention strategies, the results are often inconclusive because there are no standards 
for healthy body fat percentage or body composition for children. The study populations 
are often too small to yield powerful results and too homogenous to be generalizable to 
other populations. The goals of this literature review were to compare commonly used 
body composition techniques, to discuss the rationale for using each measuring tool, and 
to make recommendations for interventions targeting school-aged children. However, if 
healthcare providers, clinical scientists, and program managers want to reduce the 
prevalence of overweight and obesity in children, the following recommendations 
promote more longitudinal studies and rigorous research to establish physiologically-
based standards.  
 
Recommendation for a New Definition of Obesity in Children  
 Of the three definitions presented for childhood obesity, the CDC definition has 
the most widespread implementation. The CDC definition is based on a review of over 
10,000 children in the United States over several decades. The large sample size adds 
power to the growth curves. The CDC growth charts include separate graphs for weight-
for-age, height-for-age, and BMI-for-age for boys and girls. Unlike the IOTF definition, 
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the CDC definition is applicable to populations as well as individuals.
2
 However, the 
CDC’s reference sample has been getting taller and heavier over time, which may 
positively skew the normal distribution if more data is in the right tail, if the data 
exclusion principle applied by the CDC was incorrect.
5
 This means the CDC thresholds 
are too high and result in fewer children being correctly identified as overweight or 
obese.  
Although the CDC definition is preferred by the AAP, there is no clinical 
difference between the three definitions at the extreme ends of weight status, when it is 
most important to identify children at risk for overweight and obesity.
2
  The definitions 
proposed by the CDC, IOTF, and WHO are not really definitions at all but threshold 
levels to classify a patient’s level of risk. High BMI values are correlated with high 
adiposity. High adiposity is correlated with elevated blood lipids, which places children 
at an increased risk for cardiovascular and other weight-related diseases in childhood and 
adulthood.
31
  
In order to create a true definition for obesity, children with varying levels of 
body fat should be followed from birth until adulthood in a prospective study. These 
children will be randomly selected at birth from geographically and ethnically diverse 
hospital populations in the United States. Every six months for the first five years of life 
and annually until age twenty years, the selected children will have a clinical visit to 
collect anthropometric and other biological data. Each child will receive an MRI, have 
his or her height or recumbent length, weight, waist, and head circumferences measured, 
and provide a sample of blood for analysis of lipids, triglycerides, glucose, insulin, and 
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other markers of disease. This information will be tracked in a database to draw 
conclusions about the impact of these indicators on disease outcomes. While a study of 
this nature is expensive and time-consuming, there are many unknown variables in 
human growth and development. A comprehensive study can provide insight into the 
biological and physiological foundation of many disease states, not only obesity.  
Until a study of this magnitude can be implemented to determine how much body 
fat is considered to be an excess amount, guiding a true definition of obesity, providers 
and scientists must rely on the available proxy measures that exist to guide their clinical 
recommendations. The best available threshold for overweight and obesity is the CDC 
definitions based on the 85
th
 and 95
th
 percentile cut-offs on the age- and gender-specific 
growth curves. For children under age five, the WHO Child Growth Standards should 
serve as the reference because these are based on the ideal physiological growth of 
children. 
 
Recommendations for Measurement Tools  
 There are numerous direct and indirect measurement techniques for determining 
the body composition, especially the percent body fat. The measurement tools vary in 
price, precision, expertise to complete, and reliability of repeated measures. Depending 
on the goal of the investigation or the use of the data measurements, different techniques 
are most appropriate.  
 For studies and clinical trials that require an accurate assessment of body 
composition, ADP is the ideal measurement technique. This tool provides reliable and 
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accurate data, even in children. This tool could be used to establish an updated CDC 
growth curve or provide data to extrapolate to the ideal WHO curves. The expense of the 
equipment, training of the investigators completing the measurement, and laboratory 
space required for ADP limit its use in all clinical scenarios. However, there are new 
mobile designs, such as the Bod Pod, which can be transported to various sites, such as 
hospitals, gyms, and schools, which allows a large number of individuals to be measured. 
This method is also advantageous because it eliminates the fear of underwater 
submersion associated with UWW and avoids the radiation exposure associated with CT 
scans. Whenever possible, ADP is the preferred assessment tool.  
 When funding or properly trained personnel are minimal, the next best method is 
BIA. BIA devices measure the percent body fat rather than estimating body composition 
from other anthropometric metrics. The measurement can be completed in a variety of 
settings, even rural or inconsistent environments. The device is easy to use and transport. 
The two lingering challenges are the initial calibration and assumptions about the 
individual’s hydration level. With some training and qualitative patient questions, these 
issues can be overcome. The accuracy of this tool is acceptably lower than other direct 
measurement techniques. BIA should be used in clinical assessments by nurses, 
physician, or other providers in community clinics or schools to determine the body fat 
percent of children and adolescents.  
 In the lowest resource settings, WC is the simplest and fastest indicator of risk for 
cardiovascular disease. WC allows the investigative team to quickly distinguish between 
individuals with an increased risk for weight-related diseases from those who do not have 
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an elevated risk. WC provides information about visceral fat not total body fat.
28
 This 
means WC can be indicative of risk for CVD, which is correlated with abdominal fat.
2
 In 
children, the distribution of body fat changes with time but the addition of visceral fat is 
more significant to a child’s health status than the addition of subcutaneous fat. In a study 
of Spanish children, 67.5% of overweight and 9.6% of normal weight children aged six to 
eleven years old had a WC at or above the 90
th
 percentile.
29
 Similarly, 67.5% of 
overweight and 5.3% of normal weight children aged 12 to 17 years had a WC at or 
above the 90
th
 percentile. The weight classifications were based on BMI, indicating that 
BMI may not be the best indicator of health status.
29
  In a review of several studies, BMI 
was not advantageous over other measures in predicting cardiometabolic risk.
11
 BMI 
may, however, be advantageous for collecting baseline data and measuring change over 
time. Therefore, WC is the preferred field measurement tool in resource-poor 
environments or when quick classification for risk is the goal of the study.  
 While the presented body composition techniques have been compared to other 
more accurate measures, they do not provide a sound foundation for an improved obesity 
definition. There are no established body fat percentages, BMIs, or WC values to confirm 
a risk of disease or poor health outcome for children. For example, even if every child 
could be evaluated with an MRI or ADP, there is no database or reference to compare the 
measured percent body fat. The best available option is to rely on studies performed in 
adults. Children, however, are still growing and developing so they may be influenced by 
body fat in different ways than adults. The only way to determine the impact of body fat 
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on children in order to establish a reference is to follow children for many years to draw 
conclusions about weight status and health status.  
 
Recommendations to Improve the Understanding of Obesity in Children 
The existence of multiple definitions and tools for defining, assessing, and 
quantifying childhood and adolescent obesity are indicators of the complexity of this 
topic. While new research is drawing new conclusions about the risk factors associated 
with adolescent obesity, there are still several gaps in the knowledge. The first step is to 
establish a single criterion for defining obesity. This will eliminate some of the 
redundancy and confusion in the literature. Second, the WHO Growth Standard curves 
need to be extended beyond age five to present the idealized growth for all children. The 
use of median or reference data is not an appropriate standard.  
To accomplish these two suggestions, there needs to be more long-term studies to 
assess the growth and development of children over time, especially from adolescence 
into adulthood.  This requires the collaboration between healthcare providers, clinical 
scientists, and program managers. Until new standards can be established and validated, 
the current best practices must continue to prevent and treat obesity in children and 
adolescents. Healthy People 2020 has set a goal to reduce the proportion of obese 
children in the United States aged two to 19 years from 16.1%, as reported by NHANES 
for 2005 to 2008, to 14.5% by 2020.
36
 The United States government and private research 
institutions must allocate more funding to the stakeholders to enable them to reduce the 
prevalence of childhood obesity and to learn more about adolescent development.  
 44 
 
For Healthcare Providers 
 Healthcare providers, including pediatricians, nurse practitioners, and nurses, play 
an important role in preventing obesity in children. Providers can identify changes in the 
child’s weight and body composition over time and give recommendations to improve the 
child’s health status. The AAP suggests that providers record the child’s height and 
weight at every preventive care visit, such as a check-up or to receive vaccinations.
37
 
However, an analysis of 19,033 ambulatory care visits found that the height and/or 
weight measurement was missing in 20.8% of visits.
37
 This implies that healthcare 
providers are missing important documentation in approximately one out of every five 
patients. Pediatric clinics are often the only place where children have their height and 
weight measured so this represents a missed opportunity to identify children who are 
overweight or obese. Physicians, especially, need to set an example amongst all 
healthcare providers to collect anthropometric data on their patients. This allows a child 
to serve as his or her own reference subject to see how he or she grows over time.  
 Additionally, physicians need to collect anthropometric data on their patients to 
provide treatment recommendations. For children who are identified as overweight or 
obese on the CDC growth charts, the pediatrician has the responsibility of educating the 
parent on nutritional strategies and other interventions to reduce the amount of body fat in 
the child. In order to make well-informed recommendations, healthcare providers should 
demand exemplary definitions and measurement protocols to provide their patients with 
accurate information. Physicians can influence research institutions to improve the 
diagnostic and assessment tools for childhood obesity or conduct studies of their own.  
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For Clinical Scientists 
 Clinical scientists have the opportunity to partner with physicians or conduct their 
own independent investigations. Scientists have the advantage of access to more accurate 
measurement techniques and statistical analysis tools to evaluate large data sets. The 
responsibility of generating a new definition for obesity and its true correlation with 
health outcomes falls on these scientists. Many scientists can rely on their affiliations 
with governmental agencies, such as the CDC or National Institute of Health (NIH), or 
education institutions, such as public and private universities, to request funding for their 
research proposals. The severity and scope of the issue of adolescent obesity should 
encourage funders to provide ample funding to investigate the origin, prevention, and 
treatment of obesity in children and adolescents.  
Furthermore, the national and international health community can join together to 
track children from birth into adulthood to learn more about development and the impact 
of childhood overweight and obesity on adult health. An international effort can track 
children from various ethnic and regional backgrounds to compare lifestyles, diet, and 
genetic variations in development. This information can provide additional evidence to 
funders to continue supporting clinical investigations. Without further research, the 
current definitions in use continue to be unsupported and the time and money spent on 
intervention programs based on these definitions may be wasted.  
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For Program Managers  
 The role of program managers is to design and implement obesity prevention and 
treatment programs. Prevention programs distribute nutrition and physical activity 
recommendations to all children and their families to encourage healthy lifestyle choices. 
Treatment programs provide physical and biological interventions, such as medications, 
to children with high levels of body fat to promote weight loss and minimize 
cardiovascular risks. In order to identify the appropriate children to make the appropriate 
behavior changes, the program manager needs an accurate criterion to recruit children to 
participate in the intervention. Program managers can work with physicians and clinical 
scientists to target patients, collect data, and draw conclusions about the impact of the 
intervention on the child’s weight and health status. Until new definitions are confirmed, 
program managers should use the best practices described in the literature to shape their 
programs.  
 
Conclusion 
In the United States, 17% of children aged two to 19 years are obese.
4
 Many more 
children are overweight or at risk for becoming obese. Some schools have attempted to 
screen their student population for obesity to prevent and treat this problem, but they are 
ill-equipped. The responsibility to reduce the prevalence of obesity falls on healthcare 
providers, clinical scientists, and program managers. They must encourage the 
international community to develop a true definition for obesity and collect more 
information about body composition. This requires a collaborative effort with public and 
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private organizations to design and implement longitudinal studies on children from birth 
through adulthood.  
Until this happens, healthcare providers and clinical scientist need to think 
critically about which definition they chose for obesity and how to measure the body 
composition of children. They should weigh the pros and cons of each before classifying 
the child’s weight and making recommendations to children and their families.  
Unfortunately, the existing body of research is incomplete and the best practices available 
rely on typical growth of a reference population rather than ideal growth. Clinical 
scientists and healthcare providers must work together to collect anthropometric and 
biological data to better understand how children grow and develop. Program managers 
can help identify children who are overweight or obese to support the clinical 
investigations. As the body of knowledge grows about physiologically-appropriate 
development, risk factors for poor health outcomes, and the long-term effects of excess 
body fat in children, the field of adolescent obesity will continue to change and hopefully 
the prevalence of childhood obesity will decrease. 
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